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Table 28 were converted to equivalent domestic sewage by adjusting their
suspended sollds content to 200 mg/l!. Then the sludges produced from treat-
ing the dilute effluents pumped back are estimated by assuming a primary
sludge production of 2240 cu m (gal.) (5% solids) per miliion cu m {MG) of
adjusted flow and 18,700 cu m {(gal.) (1% sollds) of waste actlvated per
million cu m (MG) of adjusted flow. These calculatjons are summarized in
Table 30.

1. Hydraulic Considerations

It may be seen from Table 30 that the estimated sludge volumes produced
varied widely with the CS0 treatment siudges dewatered, and this varia-
tion is attrlbutable to the quality of the dilute effluents bled/pumped-
back. That is, the poorer the dilute effluent quality, the greater the
sludge volume produced by the dry-weather plant, which is to be expected.
For example, the data in Table 30 show that the quality of the dilute
effluent from screening-flotation is of apprecliably poorer quality than
those of the other dilute effluents lnvestigated, and the sludge volumes
produced as a result of treating the dilute effluents from screening-
flotation are correspondingly appreciably greater than those from any of
the other CS50 treatment methods.

It was previously established that the daily design volume of siudge
(primary plus activated) to be handled by the hypothetical dry-weather
sludge handling facilities Is 3.6 x 10° cu m/day (96 MGD). Comparing this
value with the additional siudge volumes expected and shown in Table 30
indicates that three of the five sludge volumes shown {from storage -
sedimentation, dissolved air flotation and trickling filtration) can be
intermittently handled by the dry-weather sludge handling facilitles,
assuming that the dry-weather sludge handling facilities are below de~
sign conditions (which is a reasonable assumption).

On the other hand, it appears that two of the five sliudge volumes in
Table 30 (screening/DAF and contact stabillzation) would hydraulically
overload the dry=weather sludge handling facilities. Closer examination
of Table 30 shows that the two sludge voiumes in question were derived
from dilute effluents comparatively hligher in quantity and poorer in
guality than the other dilute effluents. This tends emphasls to the
importance of performing the CSO treatment methods and the CSO treatment
sludge dewatering method as efficlently as possible so as to permit the
bleed/pump-back of djlute effluents to the dry-weather treatment plant.
For example, further investigation (12) Into the dewatering tests per-
formed on the sludges from screening/DAF of CSO yielding the dilute
effluent qualities shown in Tables 21 and 30 indicate that the thicken-
ing-filtration dewatering was accomplished without the aid of chemicals.
The use of chemical conditioning would probably improve the dilute
effluent quallty permitting bleed/pump-back to the dry-weather plant with
an appreciable reduction in the amount of sludge produced for further
treatment by the dry-weather sludge handling facilitles.
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2. Solids Loading Considerations

For our hypothetical dry-weather plant, the design dry-weather solidg to
be handled (primagy plus activated) has been established at 5.3 x 10
kg/day (11.7 x 10% ib/day). The additional sludge solids produced by
pumping back the dilute dewatering effluents (whose estimated sludge
volumes are shown in Table 30) are estimated by assuming a primary

sludge concentration of 5% and 3 waste activated sludge concentration of
;%. A summary of the addltional sludge soiids expected is shown In Table

The conclusions drawn fram the sollds information contained in Table 31
are similar to those derived from Table 30 with regard to the hydraulic
considerations evaluated, namely,

a. Comparisgn of the sludge handling faclility design solids loading of
5.3 x 100 kg/day (11.7 x 108 1b/day) with the additional solids
loadings shown in Table 29 Indicates that three of the five solids
loadings shown in Table 30 (from storage-sedimentation, dlssolved-
air flotatlon and trickling filtration) can be intermittently handled
by the dry~weather sludge handling faicilities, assuming that the
dry-weather sludge handling facilities are below design conditions
(which 1s a reasonable assumption).

b. On the other hand, it appears that two of the flve solids loadings
in Table 30 {screening/DAF and contact stabilization) would create
a solids overload problem for the dry-weather sludge handling fa-
cilities. However, as Indicated previously, it is felt that this
problem may be minimized by more efficient C30 treatment and €SO
treatment sludge dewatering performance, thereby permitting the
satisfactory bleed/pump-back of the dilute effluents to the dry-
weather plant.

BOD, heavy metals, PCB and pesticide data on the dilute effluents from de~
watering C50 sludges were not discovered In the literature, and therefore,
no comment is made at thls time regarding organic overload, toxicity to
treatment, and sludge handiing efficiency due to these pollutants.

in summary, it may be concluded that bleed/pump-back of €SO treatment siudges
to the dry-weather piant does not appear to be a viable ar practical solution
on a generalized basis., [f 100% of the (S0 volume was treated and danerated
sludge, It would result in gross overloading of the dry-weather treatment
plant and the dry-weather sludge handling facilities. The most limiting as-
pect of bleed/pump~back of sludge through the treatment plant and sludge
handling facilities is the solids loading {to the final clariflers and the
digesters). On the other hand, bleed/pump-back of the dllute residuals from
on-site dewatering of CSO treatment sludges to the dry-weather plant appears
to be practical and warrants further considerations where applicable. How-
ever, It must be stressed that actual evaluation of the feasibhility of bleed/
pump-back of CSO sludges must be completely evaluated for each individual
site. The potential problems associated with transport of a gritty siudge,
solids overioad to the treatment and sludge handling processes and lower
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treatment plant efficiency must be evaluated at each site and cost-effective-
ness af bleed/pump-back determined.
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SECTION VI

EFFECT OF HANDLING CSO TREATMENT
RESIDUALS BY SEPARATE SLUDGE HANDLING FACILITLES

INTRGDUCTION

The most feasible method for handling specific CS0 treatment residuals must
be evaluated on an individual basis. As indicated In the previous section,
bleed/pump-back is not a viable solution In most situations due to problems
of transport in pipelines and potential solids overload in the varlous dry-
weather treatment processes. Once evaluatlon indicates that bleed/pump-back
Is not an acceptable alternative, then separate sludge handiing facllities
must be provided. The processes must be capable of handling the specific
characteristics associated with CS0 sludges. They also must be sufficiently
flexible for anticipated intermittent operation. Once appllcable processes
for sludge handling are ldentified, treatment trains can be established to
integrate all phases of sludge handling. It must be emphasized at this
point that the systems proposed in this section are generally suited for CSO
sludges, however design of a specific system must be conslidered on an indi-
vidual basis where much different schemes may be appropriate. The last

step in evaluation of separate sludge handling facilities Is location.

There are essentially three systems which can be consldered: 1) transporta-
tion to parallel facilitles at the dry-weather plant, 2) transportation to a
centrally located CSO sludge handling site and 3) satellite sludge treatment.
The advantages and disadvantages of each technique are presented.

This section has been divided to consider several aspects of sludge treatment
for CSO residuals individually. The limitations Imposed by the nature of

C50 sludges are presented first. Then a brief dlscussion of various sludge
handling processes Is included, followed by development and technical evalua-
tion of vlable sludge handling alternatlves, The flinal portion of the sec-
tion discusses alternative locations available for treating the sludge.

SPECJIAL HANDLING REQUIREMENTS FOR CSO TREATMENT RESIDUALS

The characteristics of CSO treatment residuals directly affect the number of
processes which can be used for handling these siudges. Specific attention
must be given to the high grit content and low volatlle sollids concentration
of these materials. (n addition, the wide variation in frequency and volume
of each occurrence requires that the sludge handling process be flexible
enough to handle Intermlttent operation.
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The information indicating the effects of high grit and low volatile solids
content has been presented previously throughout sections IV and V. The
following Is a summary of this information for convenience:

a. That substantial amounts of solids are transported to the dry
weather plants under wet weather conditions is substantiated by sig-
nificant data avallable from the literature (17}. For example, pre-
sented in Table 18 were data showing the quantities of grit col-
lected during dry and wet weather periods for various Unlted States
installations. The data in Table 13 showed that the grit volume
ratio of wet to dry weather was appreciable, with the highest ratio
at 1800 times the average dry weather grlt production,

b. The literature (9) alsc indicates that often the stormwater solids
contribute a large increase in fine solids (silt) which is too fine
to be removed in the grit chambers and results In overloading the
primary sedimentation basin to the extent that chaln and flight
coillectors are sometimes buried and unable to function.

¢. It was further shown that the volatile solids centents of the sludges
from the various CSO treatment methods were significantly to appre-
ciably lower than that for dry-weather municipal sludges. The higher
volatile solids contents were observed for the sludges derived from
the CSO biological treatment methods. This was expected because
the biological treatment methods used were preceded by treatment
steps which removed the major portion of the grit and Inert solids
present in the raw €SO, whereas the physical and physical-chemical
treatment methods used treated raw CSO with little or no preliminary
treatment for inert solids removal.

d. It was found that the net effect of the excess inert solids in the
€SO sludges (when bled/pumped-back to the DWF plant) was to con-
tribute to the solids overload on the dry weather treatment and
sludge handling facilities. Moreover, it was Indicated that alterna-
tive CS0 sludge treatment, elther on-site or In additional parallel
facilities at the DWF plant, would require additional capacity to
handle the excess inert solids load.

It can then be proposed that the high grit and low volatile solids content
of the €SO treatment residuals will also have a direct bearing on the effec-
tiveness of various sludge handling processes. The large amount of inert
materfal will require compensation in the equipment designs which are based
on sollds loading such as thickening, flltration, lagooning, sand drying
beds, centrifugation, etc. Also, grit and other inert sollds would detri-
mentally affect digestion (aerobic or anaeroblic) facilitles because the
possibility of settling of those solids In the digesters, thereby occupying
valuable space. The heavy solids loadling could also cause mechanical com-
plications In some equipment.

The low volatile solids content wiil have the most effect on the processes
which utilize the organic substrate. Of special concern are digestion
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processes, since the lower organic lecadings wlll reduce the efficiencies of
removal, and incineration, since many of the CS0O residuals have significantly
lower heat values (12).

The Intermittent nature and wide variations In flows of (S0 sludges could
pose problems when many common sludge handling processes are conslidered.
Most sludge systems are designed for operation on a continuous flow-through
basis which is generally not possible when dealing with CSO sludges (unless
extensive holding basins are provided). The volumes of CSO sludge generated
will vary with the storm intensity and duration, tlme between storms,
process efficiency, etc. Therefore, either additional holding (storage)
capaclty is needed or the unit processes must be desldaned to handle maximum
anticipated flows and still effectively process lesser amounts. Several
sludge handling processes, notably digestion, may be adverseiy affected by
the intermittent operation. It Is important to consider these factors

when the sludge handiing processes are evaluated.

From the foregoing discussion, several evaluation criteria can be established
and they should be consldered when chooslng applicable sludge handling
methods for CSO residuals. The following considerations are important:

1. 1s the process deslgn establlished by solids loading criteria?

If so, the large volume of Inert solids may adversely affect the
system operation and additional capacity will be required.

2. Will the volume of inert solids affect the operation of the process?
If so, then again additional capacity may be needed which may be
detrimental to the process efficiency.

3. |Is the process dependent on a specific amount of organic constltuents
for proper or efficlent operation?

If so, then the unusual ratio of volatlle solids to inert material
may cause severe problems [n the overall design of the system.

4. Wil intermittent use adversely affect the operation or efficiency
of the process?

If so, then the degree of lower efficlency must be established and
the process evaluated from this criterion,

5. Will overdesign of the system {(to handle maximum flow rates) ad-
versely affect the process operation under lower loading rates?

If so, then use of Tlarge storage basins preceding the sludge
handling system or process are mandatory. |If space for holding
is not available, the given process may not be applicable.

Therefore the individual sludge handling processes must be reviewed with

these criterfa in mind when considering thelir use for CSO treatment
residuals.
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SLUDGE HANDLING PROCESSES

General Sludge Handling Systems

in general, sludge handling processes can be grouped according to the general
phases shown in Figure 7. Various combinations of these processes can be
utilized, to provide the overall sludge handling schematics. Basically the
potential flow schematics are as Tollows:

a—
»

(Conditioning)® = Thickening + Stabilization - (Dewatering) =
Disposal

(Conditioning) =+ (Thickening) » Dewatering - Reduction -+ Disposal

{Conditioning) + Stabilization + Thickening ~ {Dewatering) = Disposal

(Conditioning) = Stabtlization + Disposal

R g VS

parentheses indicate optional process

individual processes can now be evaluated and the appropriate systems de-
veloped for CS0 treatment residual handllng.

Conditioning

Conditioning is used to pretreat the sludge to allow more effective thicken-
ing or dewatering. The processes used can Include chemical addition of
polymer, 1ime, ferric chloride or alum, among others, or heat treatment.
Effective conditioning can increase the efficiency of the processes when
applied properly. However, choice of proper chemicals for this type of
conditioning is dependent upon Individual sludge characteristics. If there
are significant variations in sludge quality, as are common with CS0 treat-
ment residuals, than the needed chemical dosages will change.

if provision cannot be made to correct the dosages utilized in the field,
which is difficult with Intermittent CSO generation, then the effectiveness
of chemical conditioning can be severely reduced. Heat treatment can also
be utilized with temperatures from 149-260 ©C (300-500 ®F) and pressures

of 10.2-27.2 atm. {(150-400 psig)(22). The treatment breaks up cell masses
and improves dewatering characteristics. However, the resulting supernatant
s highly polluted with various organics and requires that additional capac-
1ty be available at wastewater treatment facillities. In addition, the
process s extremely energy Intenslve which may cause future problems.

Thickening

Thickening removes the major portion of the liquid in sludge and is often
the initial step in sludge dewatering. Thickening [s applicable to the
dewatering of CSO sludges, and in particular, gravity thickening equipment
is usually employed for sludges derived from physical and physical-chemical
CSO treatment methods, whereas flotation thickening is normally more
amenable to thickening sludges emanating from blological treatment methods.

Centrifugal thickening may also be applicable to some CSO sludges, however
prior grit removal is necessary to prevent excessive wear on the centrifuge
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mechanism.

Stabillzation

In most cases, stabilization of the sludges is required before ultimate dls-
posal in order to minimize organic solids mass, health hazards and nuisance
conditions. In fact, where final disposal 1s on land [50% of U.S. installa-
tions (22)], such as by samitary landfill, cropland application and land re-
ilaﬁatiou, it is essentail that sludges be stabilized prior to spreading om
and,
Stabilization, therefore, minimizes nuisance conditions by decomposing
organic sollds to a more acceptable stable form and minimizes health hazards
by reducing or eliminating pathogenic organisms. Stabilization processes
and equipment available include anaerobic and aerobic digestion, heat treat-
ment, composting and chemical treatment {chlorine oxidation and lime treat-
ment). Some of these stabilization processes are established and some are
experimental . Further discussion regarding them and their appllicability
for handling CSO sludges is included.

Anaerobic and Aeroblic Digestion - Both anaeroblc and aerobic digestion are
established processes and because of the current energy shortage are in-
creasing in popularity; the former because of the potentlal benefits of
methane production and the latter because it can produce exothermic con-
ditions. These processes are applicable for handling CSO sludges derived
from biological treatment methods and the associated equipment required
should be located at the dry weather treatment plant along with the CS0
biological treatment equipment so as to be able to keep the ''CSO digesters'!
viable with dry-weather sludge between storms. |t may be evident that
these processes are not applicable at remote on-slte CSO physical and
physlcal-chemical facllitles where the means for keeping the processes viable
between storms is not existent.

Heat Treatment - Heat treatment of sludges has seen rapid growth in recent
years and includes the following: pasteurization, low pressure oxidatlion
(Sterling Drug) and the Porteous heat treatment process. At this time, the
heat treatment of sludges has many vigorous advocates and equally vigorous
opponents. Usual complaints include failure of equipment, excessive cost
and high supernatant BOD and color. Because of the impact of this process
on cost and the unknown effect of high supernatant BOD on organically over-
loading the dry-weather plant, thls process will not be further conslidered
as a CS50 sludge stabilization alternative.

Composting - Composting of sludge has not been widely applied in North
America. Of the 18 composting plants constructed in the U.S. between 1951
and 1969, few are currently operated and many of these are operated intermit-
tently. The primary problem has been the lack of a market for the stable
product to offset the cost of the process and make it economical. Composting
will not be further considered for handling CSQ sludges.

Chemical Stabllization - Chemical stabilization processes Include chlorine
oxidation and lime stabilization. The Pur{fax process oxidizes sludge with
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heavy doses of chlorine (about 2000 mg/l) and produces a stable and sterile
sludge which is low in pH (about 2). The treated sludge dewaters well on
sandbeds and is amenable to vacuum filtration after conditioning. Chlorine
cost only Is about $5.50/metric ton dry solids ($5/ton). Other operating
and capital costs would increase this figure. The primary concern with this
process is that the drainings from the treated sludge contain high concen-
trations of chlorinated compounds which may be toxic. Because of this con-
cern and the possibility of ultimate disposal on land, further consideration
of this process for handling CSO sludges will not be made.

The lime stabilization process is also a chemical stabilization process de-
signed to reduce many of the harmful properties of sludges. The process
involves addition of slurried calcium hydroxide to a pH greater than 11-12
and continued mixing of the solution for thirty minutes. This time period
allows the slower reacting lime to hydrolyze and provides contact for patho-
gen destruction. A schematic of the typical process 1s shown In Figure 8.
Previous studles (32, 33) on the subject have Indicated that this procedure
effectively reduces the indicator organisms for bacterial poliution up to

99 percent and significantly reduces nuisance odors (34). In addition, the
dewatering characteristics of the sludge are markedly improved. Investiga-
tors (34) concluded that lime stabilized sludge is as safe to handle as that
produced from conventional anaerobic digesters. However, there can be
problems with lime stabilized studge If proper disposal methods are not
utillzed. The high pH of the sludge is not permanent and as the pH decreases
during the degradation process, odor and bacterla problems may reoccur.
Excess 1lme dosages and proper disposal can retard or eiiminate the problem.

Lime stabilization seems to be quite adaptable to CSO sludge treatment for
several reasons. Flirst, the process Is flexible. [t can be used Intermit-
tently with sludges of a wide variety of characteristics. The process con-
trol is commonly performed utilizing pH measurements so that operator Inter-
vention is minlmal. The anticipated total capital investment Is lower due

to simple operation and shorter detention times than other stabilization
techniques. If necessary, a portable treatment unit could be developed for
use. This type of system may be used to augment dry-weather sludge handling
facillities when not required for CSO sludge treatment. However, the lime
dosages required are high and this cost must be considered. Previous studies
(35) have indicated that lime dosages range from 102-208 g Ca(OH). per kg

of dry solids and operating and maintenance costs are estimated to be $9-$19
per metric ton ($8-17 per ton) of dry solids. In addition, direct land applica-
tion of lime stabilized sludges requlres hauling large wvolumes of liquid
sludge which may not be practical in some situations. In these situations,
further dewatering using centrifugation or vacuum filtration is a necessary
subject for further study., Hqoweyex, it 1ls anticipated that with lime stabili-
zation, fuither chemical condiltioning requirements would BFe minimal since the
lime addition significantly improves sludge dewatering capabilities. Another
advantage of using lime stabilization is the reduction of potentiazl oder prior
to further handling, This aspect may be important 1f storage for any length
of time is required.
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Dewatering

Dewatering is used to remove additional moisture from the sludge (50-90%) to
produce a damp cake (22, 36). The devices utllize several methods including
natural evaporation and percolation pius mechanical techniques such as fit-
tration, squeezlng, vacuum withdrawal, centrifugation and compaction.
Referral to Figure 7 indicates that there are many potential technlques
available for dewatering. When considering these processes wlth respect to
€50 sludges, some can be eliminated due to apparent operational problems.
Space restrictions will elimlnate use of both drylng beds and drying lagoons,
in most cases. Devices such as moving screens, capillary systems and ro-
tating gravity concentrators (DCG/MRP) are new systems which have not been
defined with respect to their applicabllity to the high grit content of CSO
sludges. The techniques may be appropriate, however, further investigation
would be needed prior to their use.

More conventional techniques Include filter press, vacuum filtration and
centrifugation. Use of a filter press 1s desirable if incineration or other
combustion technique is being utilized, otherwise It may be too expensive for
LSO sludge dewatering. In addition, conditloning requirements and operator
control needs may be greater. |t may be more desirable to use vacuum fil-
tration, which will provide a workable cake (approximately 20% solids) for
landfill or land application. Preliminary studies (12) have indicated that
dewatering thickened sludges by vacuum filtration was amenable to CSO sludges
derived from contact stabilization. Centrifugation may also be an appro-
priate dewatering technique if the grit concentration will not cause ex-
tensive mechanlcal wear. It was indicated that the use of thickening and
centrifugation was applicable to the CSO sludges emanating from treatment by
screening/DAF and trickling filtration. In some instances it was indicated
that some €50 sludges may be most effectively dewatered by centrifugation
alone (without pre-thickenlng). These included sludge from storage-sedi-
mentation and from dissolved-alr flotatlon alone {(25) (see Table 28).

Reduction

In some cases reduction can be utilized as a stabilization and/or disposal
process. Several types of processes can be utilized as outlined In Figure
7 and these can be further divided into new or established types. Pyrolysis
and the use of cyclonic and electric furnaces are new techniques which have
been used malnly on a small scale basis. The effects of the high grit and
low volatile sollds content is not readily predictable. However, it is
speculated that the same features which affect the use of incineration for
€S0 sludge handling are applicable in these systems.

Incineration can be used to reduce the sludge to ash after thickening and
dewatering. Incineration although costly, Is receiving increased attention
as an alternative with decreasing land availability and the possibility of
more stringent standards for land disposal. However, wastewater treatment
studges have low heat values in comparison to common fuels to the extent
that combustion is not self-sustaining unless extremely high solids contents
are reached In feed cakes. O0ften an auxiliary fuel is required, if waste-
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water sludges are incinerated alone., The heat value for typical dry-weather
activated sludge solids is 3563 cal/gm (6413 BTU/1b) as compared to gasoline
with a value of 11,100 cal/gm (19,980 BTU/1b). Furthermore, it was observed
(12) that the heat value of most other CSO treatment sludges was even less.
The average heat value for CSO sludges from physical and physical-chemical
treatment was 2032 cal/gm (3657 BTU/1b), whereas that for similar dry-weather
sludges 1s estimated at 4581l cal/gm (8246 BTU/1b) (27). This difference in
heat value is attributed to the higher inert and low volatile solids content
of the CSO treatment sludges In question. On the other hand, the heat value
of the biclogical sludges from CSO biological treatment was comparable to
that for the dry-weather biological sludges, and that was expected because
of the similar solids characteristies.

Because the heat value for €SO sludges is relatively low, the cake solids in
the feed must be proportionately higher to avoid the use of auxilliary fuel.
The energy and capital costs of obtaining a sufficient sollds concentration
in the feed cake may be prohibitive. |f auxilliary fuel Is utilized, in

the l1ght of the increase in energy cost and the current energy shortage,
incineration would not be a viable method for handling CSO sludges at this
time. However, Interest In using incineration may be revived if the com-
bined incineration of solid waste residues and wastewater sludges are in-
corporated with energy recovery as a prime feature.

Wet air oxidation is the final technique which may be used for sludge re-
duction. It is used at higher temperatures and pressures than heat treatment
and theoretically oxldizes any materials capable of burning in water at
temperatures of 121-371 ¢ (250-700 °F). Preliminary thickening and dewater-
Ing are not necessary, however it is necessary to provide disposal for the
oxldized materlal. The main disadvantages assoclated with this technique

are the high energy cost and the associated problems due to intermlittent
operation. High pressure and temperature operations should be run as con-
tinuously as possible to alleviate start-up problems and energy loss.

Disposal Techniques

Disposal techniques involve either the land or oceans. However, recent regu-
lations have restricted ocean dumping, so that only land disposal remains.
Three techniques are applicable; land reclamation, land appllication and land-
fli11. Land reclamation is most restrictive since [t requires that land
needing to be reclaimed (such as abandoned strlp mines) be located near the
sludge generatlon site. Thls criterion will not generally be met with re-
gard to CSO sludges. Land appllcation does pose a viable solution for dis-
posal and has been consldered in depth in Section VIIIl. Further discussion
is not Included here.

Landfiliing of sludges and other residual by-products of municipal and in-
dustrial waste treatment is a major ultimate disposal alternative. A
sanftary landfill accepting sludge must be designed in accordance with EPA
"Guidelines for Land Disposal of Solld Wastes'' (37) even if sludges are dis-
posed of separately or along with municipal solid wastes. These guidelines
are a result of Increasing concerns for publlc health and environmental
quality (38). The guideilnes state that prior to landfilling, {(a) sludges
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must be stabilized (le. digestion, lime, heat etc.) to prevent odor problems
and reduce health hazards and (b) sludges must be dewatered to eliminate
Jeachate migration.

A sanitary landfill must be managed so that wastes are systematically deposited
and covered with soil to control environmental impacts within defined limits.
Proper management consists of four basic operations (39): 1) wastes are

added in a controlled manner in a prepared portion of the site; 2) the wastes
are spread and compacted in thin layers; 3) the wastes are covered daily or
more frequently, if necessary with a laver of soil; and 4) the cover materlal
is compacted daily.

Proper site selection is an important step toward establishing an acceptable
sanitary tandfl1! operation. Some of the major factors which should be
considered in slte selection are (40): a) land requirements, b) waste haul
dlstances, c} cover material, d) geclogy, and e) climate.

Important public health and nuisance aspects which must be considered in
landf111 operation are 1) vector control, 2) water pollution, 3} odors, and
4) gas production (40).

EPA guidelines requlre that a program must be developed and implemented to
provide for adequate monitoring of landfills accepting sludges (33). This
plan would include groundwater observation wells, and surface runoff collec-
tion basins to measure pollutant migration from leachates or surface water.

DEVELOPMENT OF VIABLE TREATMENT SCHEMATICS
General

The first step in the development of viable treatment schematics is to
identify those processes which are applicable to possible use for CSO sludge
handling. Once this has been accomplished, then varfous treatment trains

can be identified and further evaluated from a space and preliminary economic
standpoint.

Generally, the process elements comprlising a CSO sludge handling system might
include grit and low volatlle sollds removal, siudge dewatering, stabillza-
tion and ultimate disposal. The specific treatment traln used will vary with
the CSO treatment method employed and location and the ultimate disposal
method used. For example, it has been shown that the grit and low volatile
solids contents of CS0 sludges are greater than those for dry-weather munici-
pal sludges. Moreover, for the CSO treatment methods investigated, greater
concentrations of grit and low volatile sollds contents were associated with
sludges from physical and physical-chemical treatment than from sludges de-
rived from biological treatment. This was expected because the biclogical
treatment methods (contact stabilization and trickling filtration) were
preceded by treatment steps which removed the major portion of the grit and
inert sollds present in the raw C50, whereas the physical and physical-chemi-
cal treatment methods (storage-sedimentation, DAF, screening/DAF and micro-
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screening) treated raw CSO with little or no preliminary treatment for fnert
solids removal. Therefore, it would be expected that the sludges from
physical and physical-chemical treatment might require provision for grit
and low volatile solids removal whereas those siudges from biological treat-
ment might not. Suitable equipment for grit removal includes:

chain and flight grit removal devices, hydroclones, and the swirl concentra-
tor (41). Hydroclones are commercially available for grit removal from
sludges. The swirl degritter is a newly developed device (77) (78) (79).

Specific Processes for Use In CS0 Sludge Handling

The previous discussion briefly identifled various processes which could be

used for handling €SO treatment residuals. Due to the discussion presented

therein and evaluation of the question criteria outlined previously In this

section, the following processes are considered to be potentially applicable
to €S0 sludge handling:

Conditioning: Chemical treatment
Thickening: Gravity thickening
Stabilization: Lime stabillzation
Anaerobic digestion {in some cases)
Dewatering: Vacuum filtration
Centrifugation
Reduction: None
Disposal: Land application (LA)
Landfill

Potential Treatment Schemes

As indicated, the individual treatment scheme chosen is determined by the
specific characteristics of the CSO sludge to be treated. However, for
generalization, the biological sludges can be grouped into one type and the
physical or physical/chemical sludges into another. Another important con-
sideration is the location of the siudge handling system, especially when
biological treatment techniques are belng considered. Usually, if biclogical
systems are applicable, the treatment system and sludge handling facilities
are located at or near the dry-weather treatment plant. When this is the
case, a different flow schematlc than that generally proposed may be desira-
ble.

Combination of the processes chosen which may be applicable to CSO sludge
handling ylelds the following ten alternatives:

1. Lime Stablilization + Gravity Thickening -+ Vacuum Filtration + Landfill

2. Lime Stabilization » Gravity Thickening » Vacuum Filtration + Land
Application
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Lime Stabilization » Gravity Thickening + Land Application

Lime Stabilization + Land Application

Anaerobic Digestion + Gravity Thickening + Vacuum Filtration »
Landfill

Anaerobic Digestion =+ Gravity Thickening + Centrifugation + Landfill

Anaerobic Digestion =+ Gravity Thlickening + Vacuum Filtration -+
Land Application

Anaerobic Dlgestion » Gravity Thickening + Centrifugation + Land
Application

9. Anaeroblc Digestion + Gravity Thickening + Land Application

10. Anaeroblc Digestion + Land Application

<o ~3 O oW

It is observed that centrifugation was not Included as a thickening method
when lime stabilization was uttlized. This is mainly due to the fact that
the large doses of lime used for stabilization should allow vacuum flltra-
tion to proceed easily, with a minimum of additional chemicals. Also these
schematics do not presently Include provision for grit removal, so the
potential wear on a centrifuge might be a problem. Therefore, .centrifugal
dewatering was not considered at this time. However, both vacuum filtration
and centrifugation were considered if anaerobic digestion was utilized as
the stabilization technique, since prior grit removal Is generally included.
Chemical conditioning is anticipated to be needed and the chemical type can
be tailored to meet the optimum dosage for the given dewatering method.

Both landfill and land application have been conslidered as viable disposal
techniques, although land application can accept much more dilute sludges,
if transportation costs are not prohibitive.

Prellminary Evaluation of Schematics

Evaluation of the flow schematics glven involves an initial comparison of
lime stabillzation and anaerobic digestion. Considering operational vari-
ables plus cost and space regqulrements, the advisability of using lime
stabllizatlon over digestlon Is indlcated even when biological treatment

of CSO Is utllized. For example, llme stablillzation [s less complex in
operatlon, less subject to upsets, can be more easily automated and is more
adaptable to intermittent operation (digestlon process would have to be
kept viable between storms). Moreover, lime stabillzation appears to require
less space. A lime sludge contact time of about 30 minutes is needed for
lime stabilization (42}, whereas 10-15 days solids retentlion time is re-
quired for digestion (See Tables 22 and 23). From the standpoint of costs,
it appears that the cost of digestion is appreciably greater than that for
lime stabllization. For example, for a 37,850 cu m/day {10 MGD) sewage
treatment plant which produces a total sludge flow of approximately 254

cu m/day (0.067 MGD), the capital cost of a lime stabilization process

is estimated at $28,000, and this cost includes tankage, piping, chemical
feed system and automatic control instrumentation. On the other hand, the
construction cost for an anaerobic digestion system to handle the same
quantity of sludge is estimated at $800,000 and this cost Includes siudge
heating, circulating and control equipment and control building (43). The
operating costs for digestion are also appreciably greater than those for
lime stabilization. . For example, the total annual costs for anaerobic diges-
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tion (including amortization) are estimated at $31 per metric ton dry solids
($28/ton) whereas those for lime stabillzation are about $10 per metric ton
dry sollds ($9/ton) (h4). From the above discussion, it is evident that
lime stablilization is a promising method for handling the unique C50 treat-
ment siudges. It should be recognized that lime stabllization Is not an
established sludge handling method and demonstration of its application for
treating £SO treatment sludges should be pursued to obtain basic design

and operating criteria and further investigation is recommended.

Sludge dewatering by thickening, where economically feasibie, should be per-
formed after lime stabilization bacause it has been found that lime treat-
ment enhances the sludge settling characteristics (44). Further dewatering
may be achlieved by vacuum filtration. Ultimate disposal of the studge, de-
pending on land availability and other factors, would be by landfill or land
application. Therefore preliminary screening indicates that four treatment
systems may be applicable for handling €SO residuals. All involve lime
stabilization but the degree of intermediate treatment, prior to disposal
cannot be estimated at this point. Individual transportatlon and storage
costs must be considered to establish which of these general alternatives

is most cost-effective.

IMPACT OF HANDLING CSO SLUDGES AT VARIOUS SITES IN THE CITY

General

When conslidering separate treatment of CSO sludges by any of the chosen
handling schemes, it Is necessary to establish the location at which the
sludge will be treated. There are three potential locales: treatment at
parallel facilitles at the dry-weather treatment plant; treatment at a
central location and treatment at remote satellite locations.

A patural basis for selection of the location for CS0 sludge treatment is
the CSO treatment method used for treatment of the raw CSO. The physical,
physical-chemical, and biological processes used on storm flows each have
limitations as to where they can be used (9). Blological treatment facili-
ties should be located at sewage treatment plants to provide a continuous
active biomass. Physical and physical-chemical treatment facllities lend
themselves more easily to remote satelllte locations. Inasmuch as the CSO
sludges from biological treatment will be treated both ''on-site' and '"at
parallel facilities at the DWF plant", the questlon arlses as to which
alternative to use for treatment of the CSO sludges from physical and physi-
cal-chemical treatment.

Treatment of CS0 Residuals at Parallel Facilitles at the Dry-Weather Plant

Handling these CSO sludges in additional parallel facilities at the dry-
weather plant does not appear to be generally feasible because of the
problems [nvolved in transporting the sludges from the CSO treatment site
to the dry weather treatment plant. Alternative means for transporting the
sludges to the parallel facllities at the dry-weather plant include bleed/
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pump-back to the combined sewers, transport by separate pipeline and hauling.
It is apparent from previous discussion that sludge bleed/pump-back to exist-
ing combined sewers would not be feasible in most cases because it would re-
quire storage, the sludge would be admixed with the sewage contributing to

an overload on the dry-weather plant and grit in the sludge may settle out
quickly In the interceptor causing blockage and premature overflow via
backwater effect.

Separate pipeline transportation of sludges, say from remote overflow treat-
ment points, would not appear to be feasible since it would require separate
pipelines from many treatment points to the dry-weather plant which would
appear to be costly. Moreover, because the flows through these lines are
intermittent, grit and other solids deposits mam accumulatre between storms
increasing pluggage problems. It may be possible to partially alleviate
these accumulations by flushing the lines, however, this procedure may
cause hydraulic overload problems at the treatment plant due to large
volumes of water needed. In addition, the characteristics of the waste-
water 1s extremely different from typical influent, and may adversely affect
plant operation. However, where the CSO treatment facllities are centrally
located near the dry-weather plant, pipeline transportation of CS50 treat-
ment sludges to parallel sludge treatment facilities at the dry-weather
plant may be a viable alternative in spite of potential problems.

Similarly, hauling of €50 treatment sludges to parallel treatment facilities
at the dry-weather plant may be feasible in isolated instances, but would
not appear to be generally feasible because of the cost involved and the
logistics for a trucking operation from many remote overflow polnts.

Utllization of pipeline transportation and hauling for bringing CS0 sludgesto
the dry-weather plant may be enhanced {f the major portion of the grit and
inorganic solids were removed on~site at the overflow treatment facility

and if subsequently the sludges were treated by digestion {aeroblic or anaero-
bic) in parallel facilities which were kept viable between storms with dry
weather sludge. |[If transportation of CSO sludges by bleed/pump-back, pipe-
line or hauling to the parallel sludge handiing faciiities at the dry-
weather plant Is not feasible, as is indicated from previous discussion,

then the other alternatives must be considered.

Treatment of CSO Residuals at Centrally Located Sludge Handling Facilities

This alternative Involves transportation of the €SO treatment residuals to

a central location for stabilization, storage and further dewatering. All

of the disadvantages associated with transport of the sludge to parallel
dry-weather faclilities are applicable with the exception of bleed/pump-back,
which may not be possible. There may be some additional difficulty associated
with obtaining sufficient property for locating the treatment plant, since

in most areas of the country the combined sewers are located In the center

of the city. This may possibly be a prohibitive factor in utllizing the
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central Jocation alternative. |If property is scarce and if transportation
using separate pipelines, or hauling is not feasible, as was indicated in the
previous section, then on-site treatment of CSO siudge is the only remaining
alternative. This choice is not without problems, such as the operation

and maintenance of several solids handling plants at different remote loca-
tions in a city, but does have the advantage in that it ellminates the
operational problems and cost associated with transporting the sludges from
the remote CS50 treatment sites to the dry weather plant.

Treatment of CSO Residuals at Satellite Treatment Slites

The remaining alternative to consider Is therefore treatment of the CSO
residuals at separate sites throughout a city. {t is necessary to evaluate
the effect of this handling with respect to performance, operation, mainte-
nance and cost (9). The disadvantage of maintaining and operating several
treatment systems is obvious with respect to both manpower and utilities
costs. In additlon, capital equipment costs are anticipated to be greater
since the typical economics of scale can not be fully utilized. However,
overall evaluation is necessary before this alternative can be implemented
or disregarded.

The following discussion is pertinent to and limited to CSO treatment fa-
cilities at remote satellite locations. |In this regard, and as previously
noted, physical, physical-chemical and bioclogical treatment processes used
on storm flows each have limitations as to where they can be applled.
Biological treatment systems should be located at sewage treatment plants
which can supply a continuous active biomass. On the other hand, physical
and physical-chemical treatment processes lend themselves more easlly to
remote locations at overflow points, and it is these locations which are
the subject of this discussion.

The question has been raised that if on-site treatment of residual sludges

is performed as recommended, what effects on operation, performance and
maintenance would occur due to the logistics of operating and maintaining
several sludge handling facilities at different locations, say 5 to 10 or
perhaps 100, by one municipality? It is evident that sludge handling and
disposal is an integral part of a CSO treatment system and the effectiveness
with which sludge handling is carried out influences the efficiency of
treatment, operation and maintenance, and overall costs. Moreover, the
effective operation of a total CSO treatment system requires not only the
physical operation of the components {overflow treatment and sludge handling)
but also their operation in unison and on-call. Therefore, the aspects of
operation and maintenance for CSO0 treatment and residual sludge handling
should be equally emphasized. These aspects include operating controls and
options, sustaining (dry-weather) maintenance, support facilitiés and supply,
and safety.

Storm events occur at random intervals, and for this reason it is essential
that multiple remote treatment sites be capable of automatic startup and
shutdown. Furthermore, the instrument and equipment reltability require-
ments may be much more demanding than for dry-weather treatment facilities.
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The lime stabilization process, for example, lends itself well to automation
because two of the most important variables in the process are pH and contact
time. Contact time may be adequately controlled by system design, and pH

Is relatively simple to control and automate.

It Is indicated that a sustaining or preventative maintenance program is the
one key to a successful combined sewer overflow pollution abatement and
control system. The program beglns with the careful planning and design of
the combined sewer overflow treatment and sollds handling facilities. For
example, whenever several systems are needed, which is the primary thrust

of this discussion, It Is usually economical to use the same type device,
equipment, and design to reduce operation and maintenance costs. Also, de-
signing in increased automation permits minimization of cleanup and mainte-
nance.

The performance of remote site facilitles are greatly enhanced by strict
adherence to a well-planned sustaining maintenance program. Generally, the
sustaining maintenance required Increases as the degree and complexity of
treatment sophistication increases. Effective control and operation of such
facilities are usually dependent upon varying degrees of instrumentation.
For example, to ensure reliable startup and shutdown, all instrumentation
must be checked and calibrated on a regqular basis.

Satisfactory operation of combined sewer overflow abatement and treatment
facilities depends, to a large extent, on adequate regular Inspection and
maintenance. The purpose of this is twofold: first, to locate and correct
any operational problems or failures and second, to prevent or reduce the
probability of such problems or failures.

Inspection should be as frequent as necessary to keep such facilities in

good operating conditlon. Generally, this means Inspections both on a weekly
schedule and following each majJor storm. All equlpment must be exercised
regularly to check and insure readiness, and facility cleanup, lubrication
and dewatering must be done following each storm.

Complete records should be kept of 211 Inspection and maintenance. The time
and date of each Inspection should be recorded, together with a description
of the condltion of the equipment and the work performed. The number of
man-hours spent on each plece of equipment should be noted. These data
should be tabulated for each plece of equipment requlring excessive mainte-
nance or that is out of service with unusual frequency. These records can
provide the data needed to compare the cost and efficlency of different
types of equipment for guidance in the design and purchase of new equipment
or the remodeling of existing equipment. Such records also aid in the
scheduling of preventive maintenance. Required maintenance common to most
off-line facilitles may include lubricating of equipment; Inspecting and
cleaning of chemical pumps, electrical and pneumatic sensing probes, flow
measuring and recording devices, and automatic samplers; checking and
calibrating instruments; checking emergency power generators and starting
batteries; and lInspecting all pumps, valves, and pliping.
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The importance of maintenance support in the operatlion of treatment facilltles
increases as the number and/ar slze of such facilitles increases. In view

of the wide variety of control and treatment processes, no attempt will be
made to cover the specific requirements of each individual process; only the
common general requirements wlll be listed. The four major requirements are

(1) access to equipment, (2) adequate tools and equipment, (3} a specialized
work area, and (4) spare parts stock.

Finally, storm flow management applications expose personnel to very real

and very dangerous environmental conditions. The hazards are a function of
the working environment, operating procedures and practlice, and condition

and design of facllities. The chemicals used or stored present another
problem because of their toxicity, corrosiveness, etc. Plant features,

such as railings, kickboards, safety treads, multiple access/egress points,
ventilation, lighting, auxiliary power sources, and detection and observation
points, must be fully fncorporated into design and practice.

In summary, the logistics of operating and maintaining several solids han-
dling plants at different locations throughout a city is formidable but not
insurmountable.
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SECTION VIt

CONSIDERATIONS FOR LAND
APPLICATION OF CS0 WASTES

Land application of wastes, in general, entails the use of plants, the soil
surface, and the soll matrix for removal of certain pollutional constituents.
Land application systems can be considered as viable alternatives for waste
treatment and disposal.

However, the consideration of land for the treatment and disposal of any
type of waste is a very complex matter that encompasses a wide range of de-
sign possibilities which are available to suit specific site characteristics,
treatment requirements and project objectives. To date, no generalized de-
sign procedure is in use or available which would assist In evaluating the
major variables that influence the design of a land application system.
Therefore, the information in this section is intended to summarize the pre-
sent state-of-the-art technology and, from this knowledge, provide informa-
tion and criteria for evaluating the feasibility of applying CS0 constituents
to the land. The storm generated discharge residuals that will! be con-
sidered for study include:

1. Raw C50
2. CSO sludges, liquid and dewatered

The following discussions are primarily based on the following EPA Technical
Bulletins and Information Transfers: 'Wastewater Treatment and Reuse by
Land Application" (45); ''Land Treatment of Municipal Wastewater Effluents"
(46); "Evaluation of Land Application Systems' (47); 'Costs of Wastewater
Treatment by Land Application' (48); and '"Municipal! Sludge Management:
Environmental Factors' (38).

LAND APPLICATION TECHNOLOGY

The inclusion of this technology section is to establish a general procedure,
based on an understanding of the pollutant management capablilities of soils,
for evaluating the feasiblility of land application of CS0 wastes under
various conditions. This development will provide a rational screening
method which should lead to 1} the identification of specific factors, 2) an
indication of the public health and legal constraints in using land applica-
tion, and 3) site locations that combine the required characteristics for
safe pollutant management. Essentlally, the information presented in this
section includes state-of-the-art discussions of the following areas: land
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application methods, public health considerations, Imposed government regu-
lations, site selection and factors, and design considerations.

Land Application Methods

The three basic methods of land application are Irrigation, infiltration -
percolation, and overland flow. Each method, shown schematically in Figure
9, can produce renovated waters of different quality, can be adapted to
different site conditions, and can satlsfy different overall objectives.
Tables 32 and 33 compare major design and operational characteristics em-
ployed for these application systems. Relevant characteristics, inciuding
factors Involved in selection and design of land application systems, will
be briefly reviewed in this text.

Irrigation - Irrigation {s the most widely used method of land application

in practice today. The controlling factors In implementing this type of

land application system are site selection and design, methods of irrigation,
loading constraints, management and cropping practices, and the expected
treatment or removal of pollutional constltuents.

important factors involved in site selection are: type, drainability and
depth of soil; the nature, variation of depth and type of underground forma-
tion; topography; and considerations of present and future land use trends.
Climate is equally as important as the land in the design and operation of
irrigation systems. However, climate Is not a design variable since it is
specific to regions under consideration.

Table 34 lists major factors and generalized criteria for site selection.
Soil drainability is considered the primary factor because, coupled with

the type of crop or vegetation selected, it directly affects the hydraulic
loading rate. The ideal geological formation is a moderately permeable soil
capable of infiltrating approximately 5 cm per day (2 in/day) or more on an
intermittent basis. In general, soils ranging from clay loams to sandy
loams are suitable for irrigation. Soll depth should be a minimum of 0.6
meters (2 ft) of homogenous material and preferably 1.5 to 1.8 m (5-6 ft)
throughout the site. This depth is necessary to promote extensive root
development of some plants, as well as for wastewater treatment.

The minimum depth to groundwater should be 1.5 m (5 ft) to ensure aerobic
conditions. Control procedures, such as underdrains or wells, may be re-
quired If the groundwater is within 3 to 6 meters (10-20 ft) of the surface
and site drainage is poor.

For crop irrigation, slopes shouid be 1imited to about 10 percent or less,
depending upon the type of harvesting equipment to be used. Densely foli-
ated hillsides, up to 30 percent in slope, have been spray irrigated
successfully.

Spray, ridge and furrow, and flood are three of the most common methods of

irrigating. Spray irrigation is accomplished using a variety of systems
from portable to solid-set sprinklers. Ridge and furrow irrlgation consists
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TABLE 34,

SITE SELECTION FACTORS

AND CRITER!A FOR EFFLUENT IRRIGATION (45)

Factor

Soil type

Soil dralnabllity

Soil depth

Depth toc groundwater

Groundwater control

Groundwater movement
Slopes

Underground formations

Isolation

Distance from source
of wastewater

Criterion

Loamy soils preferable but most
soils from sands to clays are
acceptable.

Well drailned soll is preferable;
consult experienced agricultural
advisors.

Uniformly 5 to 6 ft or more
throughout sites is preferred.

Minimum of § ft is preferred.
Drainage to obtain this minimum
may be required.

May be necessary to ensure
renovation if water table is less
than 10 ft from surface.

Veloclty and direction must be
determined.

Up to 15 percent are acceptable
with or without terracing.

Should be mapped and analyzed
with respect to interference
with groundwater or percolating
water movement.

Moderate isolation from public
preferable, degree dependent on
wastewater characteristics,
method of applitation, and crop.

A mattar of economics.

m= 0.305 x ft
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of grooming relatively flat land into alternating rldges and furrows and

applying water by gravity to these furrows. TFlood irrigation 1s the
inundation of land with several inches of wastewater.

The type of irrigation system to be used to maintain specified ground and
surface water criteria depends on soil drainability, crop, topography, cli-
mate and economics. Preapplication treatment is provided for most irriga-
tion systems, and a wide range of treatment requirements are encountered.
The bacteriological quality of wastewater Is usually }limiting where food
crops or landscape areas are to be irrigated, or where aerosol generation by
sprinkling Is of concern. In other cases, reductions in BOD and suspended
solids may be necessary to prevent clogging of the distribution system, or
to eliminate odor problems.

The important loading rates are hydraulic loading in terms of cm(inches) per
week, and nitrogen loading in terms of kilograms per hectare per year (ibs/
acre/yr). Organic loading rates are not considered important If an inter-
mittent application schedule is followed. Hydraulic loadings should not
exceed the Infiltration capacity of the soil and may range from 1.3 to 10.7
cm per week (0.5-4.2 in./wk) depending on soil, crop, climate and wastewater
characteristics. Typical hydraulic loadings are from 3.8 to 10.2 ¢m/wk
{1.5-4.0 in./wk). Although irrigation rates have ranged up to 20.3 em/wk

(8 in./wk), a generalized divislon between irrigation and infiltration-
percolation systems is 10.2 cm/wk (4 in./wk}.

Nitrogen-loading rates have been consldered because of nitrate occurrences
in groundwaters and aquifers. To minimize such occurrences, application
rates should be such that the total amount of plant available nitrogen added
1s no greater than twice the nitrogen requirement of the crop grown (38).

;n most cases, the permissible nitrogen loading rate will be the controlling
actor.

Crop selection can be based on several factors: high water and nutrient
uptake, salt or boron tolerance, market value, or management requirements.
Popular crop choices are grasses with hlgh year-round uptakes of water and
nitrogen and low maintenance requirements. A drying period ranging from
several hours each day to several weeks is required to maintain aerobic
so0il conditions. The length of time depends upon the crop, the wastewater
characteristics, the length of the appllcation perlod, and the texture and
drainage characteristics of the soil. A ratio of drylng time to wetting
or application time of about 3 or 4 to 1 should be considered as a minimum,

Treatment of the wastewater often occurs after passage through the first

0.6 to 1.2 m (2-4 ft) of soil. Treatment efficiencies or removals are

found to be on the order of 85 to 99 percent for BOD, suspended solids and
bacteria (Table 35). Loamy sails with considerable organic matter have been
found to almost completely remove heavy metals, phosphorus and viruses by
adsorption and fixation. Nitrogen is taken up by plant growth, and If the
crop is harvested, removals can be in the order of 90 percent.

infiltration-Percolation - In this method, wastewater Is applied to the soil
by flooding or spraying onto basins and Is treated as It percolates through
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TABLE 35. REPORTED REMOVAL EFF{CIENCIES OF LAND
DiSPOSAL AFTER BICLOGICAL TREATMENT (47}

Removal efficiency, %

Infiltration- Overland
Constitutent Irrigation percolation flow
BOD 98+ 85-99 92+
coD 30+ 50+ 80+
Suspended solids 98+ 98+ 92+
Nitrogen {total as N) g5+2 0—50b 70_90a,b
Phosphorus (total as P} 90-99 60-95 40-80¢
Metals 95+ 50"95d 50+
Microorganisms 98+ 98+ 98+¢
DS +30-0" +10-0 +30-0f

Depends on crop uptake

Depends on denitrificatlion

May be limiting

ion exchange capacities may be limited

thlorination of runoff may be needed

-» & &0 O W
s v s & s s

May increase
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the soil matrix. Infiltration-percolation has been used with moderate load-
ing rates [10 to 30 cm/wk (4-12 in./wk)] as an alternative to discharging
effluent to surface waters. High-~rate systems [1.53 to 2.44 m/wk (5-8 ft/
wk) ] have been designed to recharge groundwater.

Sofl drainability on the order of 10 to 30 cm/day (4-12 in./day) or more is
necessary for successful use of the infiltration-percolation approach. Ac-
ceptable soil types include sand, sandy loams, loamy _sand, and gravel. Very
coarse sand and gravel are less desirable because they allow wastewater to
pass too rapidly through the flrst few feet where the major biological and
chemical action takes place.

Important criterfa for site selection include high percolation rates; depth,
movement, and quality of groundwater; topography; and underlying geologic
formations. To control the wastewater after it infiltrates the surface and
percolates through the soil matrix, the hydrogeolegic characteristics must
be known. Recharge should not be attempted without specific knowledge of
the movement of the water in the soil system.

Preapplication treatment is generally provided to reduce the suspended solids
content and thereby allow the continuation of high application rates. Dis~
infection is often provided prior to spreading or ponding to control bac-
teriological quality.

Depending on wastewater characteristics and water quality objectives, load-
Ings of nitrogen, phosphorus, organic, or trace elements may be critical.
Although hydraulic or nitrogen loading is most often limiting, loadings of
salts and heavy metals may be critical in some cases. Loading schedules
that Include alternating loading and resting periods are requlired to main-
taln the infiltration capability of the soil surface and to promote optimum
BOD and nitrogen removals by aerobic-anaerobic conditlons.

In most cases, the filtering and straining action of the soil is extremely
effectlve, so suspended solids, bacteria, and BOD are almost completely re-
moved (Table 35). Nitrogen removals are generally poor unless specific
operating procedures are established to maximize denitrification. Phospho-
rus removals range from 70 to 90 percent, depending on the percentage of
clay or organic matter in the sol] matrix which will adsorb phosphate ions.

The useful life of an infiltration-percolation system will be less than that
of irrigation or overland flow. This is a result of unacceptably high load-
ings of inorganlc constituents, such as phosphorus and heavy metals which
are fixed In the soil matrix and not positively removed. Once the fixation
capacity for phosphorus and heavy metals have been exhausted, removal effi-
ciencies will deteriorate.

Management practices Important to infiltration~percolation systems include
malintenance of hydraulic loading cycles, basin surface management, and
system monitoring. Intermittent application of wastewater is required to
maintain high infiltration rates, and the optimum cycle between Inundation
periods and resting periods must be determined for each indlvidual case.
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Basin surfaces may be bare or covered with gravel or vegetation. Each type
of surface requires some maintenance and inspection for satisfactory opera-
tion. Monitoring of groundwater levels and quallty is essential to system
management.

Overland Flow - in this method, wastewater is applied on the upper reaches
of sloped terraces of relatively impermeable sofls and allowed to flow
across the vegetated surface to runoff collection ditches. Renovation is
accomplished by physical, chemical and biclogical means as the wastewater
flows in a sheet through the vegetation. A high percentage of the applied
water s collected as runoff at the bottom of the slope, with the remainder
being lost to evapotranspiration and percolatlon.

Important factors in overland flow are site selection, application rates and
design loadings, management practices, and expected removal efficiencies.

If the collected runoff is to be discharged into a navigable water, it will
have to meet the stream discharge criteria.

Criteria important for site selection include: soll conditfons, topography
and climate., Soll conditions is perhaps the most important. Soils with
minimal Infiltration capacity, such as clays, clay loams and scoils underlain
by Impermeable lenses are best suited for this method. However, a mantel

of 15 to 20 cm (6-8 in.} of good topsoil is desirable. The land should have
a slope of between 2 and 6 percent, so that the wastewater will flow as a
sheet over the ground surface. Grass is planted to reduce soll eroslion and
to provide a hablitat for the microbial flora which help purify the waste-
water.

Since groundwater will not likely be affected by overland flow, it is of
minor concern In selection. However, the groundwater table should be deeper
than 0.6 m (2 ft) to Insure aerobic conditions for plant growth.

When overland flow Is used as a secondary treatment process, the minimum
preapplicatlon treatment is screening and possibly grit and grease removal
to avoid clogging of the distribution system. Disinfection prior to appli-
catlon may avoid post-dlsinfection and allow spraying at higher pressures.

Overland flow systems are generally designed on the basis of hydraulic load-
ing rates, although an organic loading rate or detentlon time might be the
limiting criteria. The treatment process is essentially biological, requir-
ing a minimum contact time between soil microorganisms and applied waste-
water for adequate removals. Liquid application rates used in design have
ranged from 6 to 14 cm/wk (2.4-5.5 in./wk), with a typical loading being

10 cm/wk (& in./wk}.

Treatment of wastewater by overland flow is only slightly less efficient
than that by irrigation (Table 35). Results from field demonstration proj-
ects have suggested BOD and suspended solids removals of 95 to 99 percent,
nitrogen removals of 70 to 90 percent, and phosphorus removals of 50 to 60
percent. Solids and organics are removed by blologlcal oxidation of the
solids as they pass through the vegetative mat. Nutrlents are removed
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mafnly by crop uptake. Removal mechanisms for other waste constituents
Include biological uptake and transformations and adsorption and fixatlon In
the soil. Management practices important in overland flow are: malntaining
the proper liquid application and resting cycles; maintaining an active

biota and a growing grass; and monitoring the performance of the system.
Hydraulic loading cycles have been found to range from 6 to 8 hours of spray-
ing followed by 6 to 18 hours of drying. Cropping practices are necessary

to stimulate growth and subsequent nutrient uptake. Monitoring of loading
cycles is needed to achieve maximum removal efficiencies.

Public Health Considerations

The passing of the Federal Water Pollution Control Act Amendments of 1372
has focused attention on the public health aspects of land application of
wastes. Consequently, the impact of land application on the environment,
including public health, social and legal aspects, will be regulated by
state and federal agencies.

Patential public health problems are attributed to (a) transmisslion of patho-
gens, {b) groundwater quality, (c) crop contamination, and {d) insect propa-
gation. Generally, state health regulations and guideiines serve to pro-
tect against many of these potential pubiic health problems.

The concern for pathogen survival and transmission involves aerosols, runoff
and leachates from waste application. The danger of spray aerosols lies

in their potential for transmitting pathogens which could concelvably be
inhaled or contaminate adjacent lands. Aerosol travel and pathogen survival
and transmission are dependent on several factors, including wind, tempera-
ture, humidity, and vegetative screens. I|n order to reduce pathogen trans-
mission from spray-irrigated aerosols, some safequards can be employed.
Among these are disinfectlon, sprinklers that spray horizontally or down-
ward with a low nozzle pressure, and adequate buffer or vegetative screening
zZones.

Survival times of various organisms in soi), water and vegetation have been
extensively reported in the iiterature (46). The survival of pathogenic
organisms in the soil can vary from days to months, depending on the soll
moisture, temperature, and type of organisms. In relation to survival of
coliform organisms, some bacteria do survive for a longer time in soil.

The survival of viruses in soll s essentially unexplored.

Contamination of groundwater is another public health aspect that must be
considered. In most cases, a sufficient degree of renovation will be re-
quired to meet the best practicable treatment requirements for groundwater
protection. EPA regulations on Nattonai Primary Prinking Water Standards,
listed in Table 36, impose groundwater quality guidelines upon land applica~
tion systems. Nitrates are the most common concern, but other constituents,
including stable organics, dissolved salts, trace elements, and pathogens
should be considered. Thus, proper management practices and extensive moni-
toring programs are necessary to comply with regulatory restrictions.
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TABLE 36. NATIONAL PRIMARY DRINKING WATER STANDARDS (49)

Constituent or characteristic Value Reason for standard
Physical:
Turbidity, units e Aesthetic
Chemical, mg/l: .
Arsenic 0.05 Toxic
Barium 1.0 Toxic
Cadmium 0.01 Toxlc
Carbeon chloroform extract 0.7 Toxic
Chromium, hexavalent 0.05 Toxic
Cvanide 0.2 b Toxic
Fluoride 1.4-2.4 Toxic
Lead 0.05 Toxic
Mercury 0.002 Toxic
Nitrates as N 10 Toxic
Selenium 0.01 Toxic
Silver 0.05 Cosmetic
Bacteriological:
Total coliform, per 100 ml 1 Disease
Pesticides, mg/1:
Chlordane 0.003 Toxic
Endrin 0.0002 Toxic
Heptachlor ¢.0001 Toxic
Heptachlor Epoxide 0.0001 Toxic
Lindane 0.004 Toxic
Methoxychlor g.1 Toxic
Toxaphene 0.005 Toxlc
2,4-D 0.1 Toxic
2,5,5-TP 0.01 Toxic

5 mg/1 may be substituted if it can be demonstrated that it
does not interfere with disinfection.

b Dependent upon temperature, higher limits for lower temperatures
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Another public health consideration for the land disposal site is maintain-
ing crop quallty with regards to safety for consumption. Many states have
régulations dealing with the types of crops that may be irrigated with
wastewater, degrees of preapplication treatment required for various crops,
and purposes for which the crops may be used.

Propagation of mosquitoes and flies, poses a health hazard as well as a
nuisance condition. Mosquitoes are known vectors of several diseases.
Mosquitoes may increase in population because of the wetter environment and
the availability of standing puddles for breeding (50). For these reasons

a mosquito control program may be required as part of the land disposal site
operation.

Government Regulations

On a nationwide basis, the Federal Water Pollution Control Act Amendments of
1972, PL92-500, has been responslble for the renewed Interest in land appli-
cation of wastes. PL92-500 places emphasis on waste management alternatlves
which are cost-effective; utillze the best practicable treatment technology;
and consider reuse and recyclling of water and nutrient resources. Land
application can comply with these recommendations. A preliminary bulletin
{38) released by the EPA, addressed several factors which are important to
the environmental assessment of a particular land application option, in-
cluding considerations and guidelines for design.

Other laws which are pertinent to the practice of land application are the
National Environmental Policy Act of 1969 (NEPA) and The Safe Drinking Water
Act. NEPA requires the preparation of an environmental impact statement for
all projects involving Federal funds. The Safe Drinking Water Act sets
forth National Primary Drinking Water Standards which apply primarily to
groundwater sources used for drinking water. Therefore, land application
systems discharging to groundwater will be forced to meet these standards.

In general, the national requirement for land application of sludges to
lands on which crops will or may be grown must be examined closely in terms
of protecting public health and future land productivity. Sludges must be
stabilized to reduce public health hazards and to prevent nuisance odor con-
ditions. For some wastes, it may be necessary to achieve Increased pathogen
reduction beyond that attained by stabilization. Additicnally, groundwater
should be protected from pollution. Conslderation should be given to the
duration of the project, the quality of the groundwater, and if the ground-
water s typically used for drinking water supplies with little or no
additional treatment. Specific groundwater criterta for land application
application systems are contained in the EPA publication, "Alternative

Waste Management Techniques for Best Practicable Waste Treatment' (51).

State regulatory agencies have recognized the increasing interest in the
land application aiternative and thus, are developing regulations and guide-
lines concerning land application for use within their own boundaries.
Twenty-six states have issued regulatlons or guideiines for this practice
whereas five states are currently preparing guidelines. Of the remaining
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states, design plans are approved on a case by case basis. At present,

these regulatlons and guidelines vary according to local geography, cli-
matology and economy of the states (52). However, similar restrictions can
be observed for state land applicatlion guidelines because many of the states
have used similar reference materials: ''Great Lakes-Upper Mississippi River
Board of State Sanitary Engineers - Recommended Standards for Sewage Wastes -
Addendum #2" (53) and EPA's '"Evaluation of Land Application Systems' (47).

Site Selection and Evaluation

The wide range of potential site characteristics greatly complicates any
attempt to develop standardized evaluation criteria. Even so, Inlitial
planning concerns have some degree of commonallty which include considera-
tions for land use, climate, topography, groundwater, and soils and geology.
The selection of a site location should include both the distance and eleva-
tion difference from the wastewater collection area. These factors will
affect the feasibility and economlcs of the transmission of the waste to
the site. Also, of significant importance in site selection is the com-
patibillty of the intended use wlth regional land-use plans. Knowledge

of current land-use in an area provides an indication of the quantity of
land potentially available or suitable for waste application. A review of
land use maps can avold consideration of areas with conflicting features.

Prevalling climatic conditions will affect a large number of design decisions
Including; the method of land application, storage requlrements, total land
requirements, and loading rates. Relationships between climate and tand
application systems are shown in a generallzed ¢limatic map {Figure 10).

The depicted zones are only useful In preliminary planning stages, since
detailed analysis of local climatic data is essential for design purposes.

Zone A has a seasonal pattern of precipitation of about 38 to 64 em (15-25
in.) during the months from November to April. Temperatures are mlild in
winter and hot in summer. Plant growth can continue through the year
assuming Irrigation is provided. Storage of effluent Is not required for
climatic reasons. Zone B covers the areas that are very hot and arid year
round. Winter storage is not a major concern. Zone C includes the areas
where precipitation ls distributed throughout the year, with hot, humid
summers and fairly mild winters. Year round operation of land application
systems is possible in these areas. Zone D has moderately cold winters
and hot summers. Precipltation is distributed throughout the vear. Winter
conditions are such that storage will often be required for periods up to
3 months. Zone E has precipitation occurring in all months of the vear,
averaging from 50 to 100 em (20-40 In.) annually. Winter operations are
severely limited due to low temperatures, ifce and snow, thus requlring
storage for periods up to six months.

The National Weather Service, local airports, and universities are potential
sources of climatological data. Climatic factors of concern include pre~
cipitation, storm intensity, duration and frequencies, temperature, evapo-
transpiration, and wind velocity and direction. The data base should con-
sider sufficient durations of time so that long-term averages and fre-
quencies of extreme conditions can be established.

106



........

----------------
................
................
..............
---------------
-----

tena

e '
-----------------
----------

h HHRDE o HEL o AL

............
................
R T HHHHEE I HHANH
FEHES T Bt N HE

o \\\\:\

i

|||||||
|||||||

||||||||||

....... .
. hoe 7

[P R TT)
-N N =
wo M =
® o 5
- “
[
o - o
T = =
- =

' .
T : N x o o o
it \ ) W e w
-------- — —— P
i \ z =z= - =x
R = <"z

S -\ - oI
........................ [ oo o o
R R A ‘W a=x a x

SRR \ w® = T
T > =
’:':'l M \\\ R - o

NN \: TQ e .
; OIS 532 28 2 32
q§§s5‘ra’5?§.§‘=‘gﬁ e [ S: - ;; ;;
SRR 0 z sE ¥y
R 200 SE mgeEx
CURERLAIHKY “ rm « 65 & =
F. b cbg;qdq‘q‘q;q;|; W «w N ox x x
% e S E252z°28
A ees g x o 5 T o o

Source: EPA publication 660/2-73-006b (1973)

r o
- |

application (45).

land

for

climatic zones



Topography affects both the water handling capability of a site and the ex-
tent of contact between waste constituents and soil particles. Examination
of local and surrounding topography is useful In determining drainage pat-
terns and flow rates of surface and subsurface water. Topographic maps,
available from the USGS, are necessary for site selection and subsequent
system design. Topographic information of concern Includes ground slope,
proximity of surface water, eroslon and flood potential, and existing vege-
tative cover.

Soil properties determlne the suitable waste application or loading rate,
thereby affecting the amount of land required and the method of appllication.
Thus, sofl properties are often considered the most important factors In
selecting both the site and the land applicatlion method. Properties that are
Important in describing and evaluating solls include soil texture, structure
and profile, permeability, avallable water capacity, and chemical charac-
teristics such as pH, salinity, nutrient levels and adsorption and fixation
capabilities. Information on soil properties can be obtained from the
National Cooperative Soil Survey, the Agricultural Extension Service and some
state universities.

Groundwater characteristics are Important considerations in selecting a
particular slite. The effect of groundwater levels on renovation capabilities
and the effects of the applied waste on groundwater movement and quallty
should be extensively evaluated. Additionally, the depth to groundwater
should be determined, along with an evaluation of the groundwater rate of
flow and direction and the permeability of the aquifer., Information on

these sources can be obtalned from the U.S. Geological Survey or State Di-
visions of Water Resources.

Design Considerations

For most land application systems, vast numbers of design possibilities are
available to suit specific site characterlstics, treatment requirements and
overall project objectives. The scope of factors that are commonly con-
sidered in the design process include: a) preapplication treatment require-
ments; b) storage requirements; c) climatic factors; d} pollutional leading
constraints; e) land area requirements; f) crop selection and management;

g) system components; h) site monitoring program; and i} cost-effectiveness.
It should be recognized that since land application system designs are site
specific, design criteria must be based on the actual conditions of the site
and therefore cannot be generalized.

Preapplication Treatment Requirements - Treatment of wastes prior to land
application may be necessary for a variety of reasons, including: 1) public
health regulations, 2) loading constraints with respect to critical waste-
water characteristlcs, and 3) the desired effectiveness and dependability of
the system components. In areas where long-term winter storage is required,
some degree of treatment may be necessary to prevent nufsance conditions dur-
ing storage.

Public health considerations, pathogen transmission and groundwater quality
are usually the most important factors in determining the required degree of
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